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[57] ' ABSTRACT 

Dry clay is electrostatically deposited on wet paper as 
it is formed on a Fourdrinier machine. This clay is 
coated with a cationic surface active agent and espe 
cially a dialkyl dimethyl ammonium chloride in order 
to minimize the formation'of clay clusters which ad 
here to the electrostatic equipment and which drop off 
in the form of slugs to mar the paper. Pretreatment of 
the clay with a mild alkaline agent such as sodium car 
bonate causes the cationic agent to be more effective 
and the treatment to be more durable. 

5 Claims, 1 Drawing Figure 
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. MODIFICATION OF CLAY TO IMPROVE 

ELECTROSTATIC DEPOSITION - 

This is a continuation, of Application Ser. No. 
768,342, ?led Oct. 17, i968, now abandoned. 
The present application relates to the electrostatic 

application of clay, especially to wet paper on the Four 
drinier machine. 
The electrostatic application of dry clay to wet paper 

on the Fourdrinier machine provides many advantages, 
since this enables the deposited clay to be concentrated 
at the surface of the paper without introducing large 
amounts of water into the paper at the dry end of the 
machine. Unfortunately, when the dry clay particles 
are blown to electrostatic spray equipment positioned 
above the Fourdrinier wire at the wet end of the ma 
chine, the clay particles tend to form clusters which ad 
here to the diffuser surfaces on the spray equipment 
and these clusters break off from time to time forming 
slugs which mar the paper surface. ‘ 

it has now been foundthat the tendency of the clay 
particles to cluster and form slugs can be countered by 
modifying the clay to ‘be slightly alkaline, e.g., an initial 
pH of 7.0-8.5, as by treatment with any alkaline mate 
rial illustrated by sodium carbonate, and treating this 
slightly alkaline clay with a cationic surface active 
agent. ' ' ' 

Curiously, strongly acidic or strongly basic clays do 
not respond to the cationic surface active agent. Simi 
larly, if the clay is slightly acidic, treatment with the 
cationic surface active agent is helpful, but the clay de 
grades on storage and the tendency to cluster and form 
slugs returns upon ageing as the pH of the treated clay 
returns to the acid side. 
The pH referred to is the ph of the clay in water dis 

persion. 
Apparently, and over a period of time, the natural 

acidity of the slightly acid clay reacts with the cationic 
surface active agent to destroy its effectiveness, and 
such action can be observed by the increased acidity of 
the clay. , 

The preferred cationic surfaceractive agents used in 
the invention are illustrated by quaternary and diquat~ 
ernary ammonium halides conveniently and desirably 
the chlorides, the gel-forming agents, e.g., those having 
a carbon to nitrogen ratio of from 10:] to 30:1 being 
most effective. 

it is particularly preferred to have present in either 
the quaternary or diquatemary ammonium chloride a 
single substituent having a long carbon chain of from 
10-22 carbon atoms. These are desirably alkyl groups 
essentially lacking in carbon to carbon unsaturation. 
Straight chain alkyl groups are particularly contem 
plated. 

Preferred compounds have a structural formula se 
lected from the group consisting of: 

QL/Ha H3 

in which R is-a hydrocarbon substituent desirably con 
taining from 10-22 carbon atoms, preferably alkyl, and 
X is a divalent hydrocarbon chain containing from 1 to 
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10 carbon atoms, preferably the divalent alkylene radi 
cal: - 

The dialkyl dimethyl ammonium chlorides are partic 
ularly outstanding in providing the greatest resistance 
to diffuser build-up and the longest term resistance to 
slug formation. 
Further speci?c illustrations of ‘cationic surface ac 

tive agents which may be used in aaccordance with the 
invention are as follows; 

' [CHaCHnU -N(CH3)3 PC1 

cmtcgax + Y 

[' N (CH3) 2] C!‘ 
CH: (611) v 

CH1 (CH2) 10GB: 

Note The terms coco and tallow in the above formulas 
indicate the hydrocarbon radicals derivable from the 
corresponding oil or fat. ‘ > 

As a matter of interest, clay is normally acidic and is 
frequently pretreated to render it relatively strongly 
basic in order to aid in the effective dispersion of the 
clay in the aqueous furnish. The alkaline treatment of 

' the invention is generally inadequate tov prevent the 
clay from depositing rapidly on the paper ?bers and, 
moreover, alkaline-treated clay of the type under con 
sideration‘ is not normally considered desirable for an 



3 
aqueous dispersion because its viscosity would be ex 
cessive. ‘ 

It is also desirable to employ a binder to facilitate ad 
hesion of the deposited clay to the ?bers of the paper 
web. Such binder can be incorporated in the paper fur 
nish or, more desirably, dry particles of binder material 
can be electrostatically deposited together with the 
clay with the binder and clay being mixed and depos 
ited in admixture or by separately applying the binder 
and the clay either at the same or separate locations. 
Starch particles constitute a particularly preferred 
binder and these are desirably used in‘ ungelatinized 
form to be at 'least partly gelatinized when elevated 
temperatures are applied to the wet paper in order to 
dry the same. Other binders such as casein, polyvinyl 
alcohol and the like may also be used. ' ' 

While the present invention is particularly concerned 
with the production of paper on the conventional Four 
drinier machine, it will be appreciated that the inven 
tion is equally applicable to the production of paper 
board and to'the use of paper forming equipment other 
than the conventional Fourdrinier. . ' 

Referring more particularly to the process which is 
employed in accordance with the invention, a water 
wet sheet of ?brous cellulosic material is advanced past 
‘a particle deposition zone and electrostatically charged 
particles of dry clay are supplied to this zone, these 
charged particles repelling one another ‘to becocme 
uniformly distributed while they are attracted to the 
wet paper web which is effectively grounded. In pre 
ferred practice, dry particles of ungelatinized starch are 
deposited along with the clay. The wet-sheet with the 
starch and clay particles deposited on the-surface 
thereof is then heated to drylthe same and the depos 
ited particles of starch or other binder become adher 
ently related to the ?bers of the paper and to the clay 
particles which are present; 
Referring more particularly to the moisture content 

of the wetweb atlt'he point of particle deposition, it is 
im'portantJthat there be'present suf?cient moisture to 
wet the clay particles so that the clay can then agglom 
erate into intimate contact with the paper ?bers and 
binder particles which may be‘ present. More particu 
larly, a moisture content of from 25 percent to 95 per 
cent by‘weight of water or more may be used.’ Particu 
larly when dry binder particles are simultaneously ap 
plied, it is preferred that the web moisutre content at 
the time of particle deposition be at least about 45 per 
cent by weight, preferably above 60 percent by weight. 
This is because at moisture contents of 45 percent or 
more, there is a greater opportunity for the deposited 
particles to be completely wetted by the water which is 
present. ‘ ‘ 

it is desired to further point out that electrostatic de 
position is essential. While the application‘of a dry 
powder to a wet paper‘ web by mechanical distribution 
has been proposed, it has not developed commercially. 
Such a process would be of doubtful value because of 
the great air turbulence which exists at the surface of 
a fast moving web. This could create a serious ‘dust 
problem which could not be controlled by practical 
means and thereby result in product loss, contamina 
tion and even the hazard of explosion. Moreover, uni 
form application is virtually impossible. ~ 
The electrostatic deposition utilized in this invention 
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near the wire. The operation is free from dust and sub 
stantially all of the particles are deposited on the web. 
Additionally, the charged particles in transit between 
the distributing equipment and the paper web repel 
each other so that there is no tendency for them to 
form agglomerates or clumps and the resulting cloud of 
material is exceptionally uniform and deposits on the 
sheet surface in a very uniform manner. 
The difficulty as described previously is the fact that 

the clay particles blown to the electrostatic spray de 
vice which is utilized tend to form clusters which and ' 
here to the spray heads and which break off from time 
to time in slugs which mar the paper. 
The invention is illustrated in the accompanying 

drawing in which the single FIGURE illustrates a con 
ventional paper making machine including means posi 
tioned above the Fourdrinier wire for depositing elec 
trostatically charged particles on the wet paper web. 
Referring more particularly to the drawing, the nu 

meral 10 generically identi?es a Fourdrinier machine 
comprising a head box 11, a slice 12, a breast roll 13, 
table rolls l4, and a couch 15 around which the wire 
16 travels. The conventional dandy roll may be present 
if desired, but this roll is not shown. The conventional 
suction boxes are identi?ed by the numeral 17. When 
the freshly formed wet paper web. leaves the wire 16, 
it is moved to, the presses, the press rolls being identi 
?ed by the numeral 18 and the felts which transport the 
paper being identi?ed by the numerals 19, 20 and 21. 

The paper P as originally deposited from the head 
box 11 onto the wire in the vicinity of the breast roll 13 
is mostly water and the water content is reduced pro 
gressively by drainage and then by suction to a level of 
roughly 80 percent inthe vicinity of the couch roll 15. 

. Afterthe paper leaves the couch roll, it is passed to a 
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for applying particles on the surface of a paper web is 7 
not noticeably affected by the turbulence of thelair 

press section-where the press rolls 18 co-act to further 
express water from the paper web to still further reduce 
the water content of the paper and to further increase 
the internal strength of the sheet. Lastly, the partially 
dewatered web is passed to the dryers D which reduce 
the sheet moisture further to the level desired in the ?n 
ished product. 

In the illustrated form of the invention the electro 
statically charged particles are deposited upon the 
upper or felt side of the paper P before the paper web 
is advanced between the ?rst pair of press rolls 18. As 
can be seen, the particles are supplied as indicated by 
the arrow 22 through a header 23 and then, via tubes 
24 to distributing heads 25 which are positioned above 
the surface of the paper P. a metered amount of ?nely 
divided particles is blown in, scattered by the distribut 
ing heads 25 and these particles are electrostatically 
charged so as to form a uniform cloud of particles 
within the chamber 26 which are propelled into associ 
ation with the paper P by virtue of their electrostatic 
charge as has been described hereinbefore. 

it is believed that triboelectric effects generated by 
contact between the propelled clay particles with the 4 
tubes‘ 24 creates electrical effects which, if they are not 
counteracted as taught herein, will result in a tendency 
of the clay particles to gather in clusters which adhere 
to the distributing heads 25 and which drop off from 
time to time to mar the paper as previously described. 

The proportion of cationic surface active agent is of 
secondary signi?cance. Broadly, one can use from 
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0.001 to about 1 percent by weight, with amounts of 
from 0.01 percent to 0.5. percent being preferred. 
Larger amounts are also useful, but the economic dis 
advantage is obvious. 
The particle application assembly may be positioned 

at various points along the travel of the Fourdrinier 
wire. It may be positioned between or in place of one 
of the-sets of press rolls or it may be located between 
the last press rolls and the dryer section. The invention 
is not limited to operation on a Fourdrinier-type ma 
chine but is equally advantageous oncylinder or other 
types of machines. 
While the embodiment illustrated in the drawing ap 

plies the clay particles on only one side of the paper, 
namely the felt side, it is possible to invert the paper 
and deposit particles on the other side, in which case 
the same problem of having clay particles cluster and 
form slugs exists. , 

Thus, and from the generic standpoint, a ?brous, ab 
sorbent, cellulosic sheet material in the form of a wa 
ter-wet web is advanced beneath a paticle deposition 
zone and clay particles treated in accordance with the 
invention are electrostatically charged for mutual re 
pulsion and supplied to the particle deposition zone so 
that they will be electrostatically attracted to and uni 
formly deposited upon the wet web in the form of sepa 
rate particles. This web is then dewatered in conven 
tional manner. 
Intimate association of the clay particles with the 

paper ?bers requires that there be considerable water 
present in the water-wet web, a web moisture content 
at the point of clay deposition being desirably‘ at least 
25 percent by weight, and more preferably at least 60 
percent‘by weight. Indeed, and when the particle depo 
sition zone is positioned above the Fourdrinier wire, 
the water content is normally considerably higher than 
60 percent by weight. 
Referring more particularly to the particle applica 
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tion assembly, the form of the invention illustrated em- 40 
ploys known devices for projecting metered propor 
tions of electrostatically charged particles in which the 
dry particles are ?uidized with air and then blown 
through tubes 24 to the distributing heads 25 of a gun 
type device which imposes an electrostatic charge on 
the particles and projects the charged particles out over 
the wet paper web passing therebeneath. Devices of 
this type are available in commerce and are described, 

45 

6 
for example, in a publication entitled “Ransburg Elec 
tros’tatic Powder Coating," published in l966. 
While such structures are preferred, it is also possible 

to employ other structures for accomplishing the same 
purpose such as an agitated inclined plate which is posi 
tioned over the paper web and charged so that particles 
delivered to the plate are charged and dropped from 
the lower end of the plate. Such structures are shown 
in US. Pat. No. 2,748,018. 
The point to be observed is that irrespective of the 

equipment selected, the clay particles tend to cluster 
and form slugs which is detrimental and which is mini 
mized in accordance with the invention. 

In supplying particles in a metered amount, it is con 
venient to ?uidize the dry particles with air and the dis 
persion so-formed is blown to the distributing heads, 
but it is also permissible to use other supply transport 
means, e.g., a screw conveyor, or a gravity fed venturi 
pump. The vuse of particles in head form, these being 
produced by the cyclone drying of a slurry spray, is par 
ticularly helpful since these beads are easily stored in 
free ?owing condition while breaking up easily in the 
?uid bed to be available as particles of smaller size 
when needed. ' 

The invention will be illustrated by the utilization of 
clay particles in the convenient bead form just de~ 
scribed. 

EXAMPLE 1 

A 1,000 gm. sample of clay was weighed out and 
poured into a tumbling drum. The tumbling drum was 
placed on a mill and rolled for 2 minutes. 7.5 mgs. of 
the treating agent mixed in a ratio of l to 3 with isopro 
pyl alcohol was sprayed onto the tumbling clay. The 
clay was then allowed to tumble 30 minutes or until it 
dried. 
The treated clay was placed in a Ransburg Electro 

static powder Coating gun and sprayed for 30 seconds 
with the diffuser in full rotation. without turning the 
gun off, all diffuser rotation was stopped and the charge 
was continued for ‘30 seconds. Then the charge was 
turned off, and the particles clinging to the diffuser 
(diffuser build-up) were brushed into a weighing dish 
and weighed. During operation, the dropping off of 
slugs was observed visually. The following results were 
obtained. - 

Table I 

. Slugging and Diffuser Build 
Treating Agent pH Diffuser Build-Up Up (In Grams) 

None New 6.7 Yes 3.7 
Aged* 6.7 Yes 3.7 

Cationic Agent 1 New 7.4 No .9 
Aged* 6.9 Yes 3.3 

Cationic Agent 2 New 7.3 No 1.4 
Aged“ 6. 3-8 

Cationic Agent l 

Cationic Agent 2 

Yes 
Octadecyl trimethyl ammonium chloride (50% 
solids solution in a mixture of 35 parts 
isopropanol and 13.5 parts water) 

Dialkyl dimethyl ammonium chloride in which the 
alkyl groups are predominantly dodecyl groups 
but small proportions of octyl, decyl, tetra 
decyl, hexadecyl and octadecyl groups also being 
present (7571 solids solution in a mixture of 
17 parts isopropanol and 7.5 parts water). 

' Aged I week 
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EXAMPLE 2 

Example 1 was repeated with the exception that the 
clay beads were ?rst treated with a mild alkali (aqueous 
sodium carbonate) to modify the clay to provide a pH 
in water of approximately 8 prior to treatment with the 
cationic surface active agent as in Example 1. The fol 
lowing results are obtained. 

Diffuser Build-Up Treating Agent Slugging ' 
(ln Grams) 

None New 3.7 Yes . 
' Aged 3.7 Yes 

Cationic Agent 1 New .3 N0 
' Aged .45 No 

Cationic Agent 2 New .6 No 
Aged 1.1 Yes 

“As can be seen, the use of mild alkali to modify the 
pH to a slightly alkaline condition causes the cationic 
vagent to become even more effective in minimizing dif 
fuser build-up.” Moreover, after ageing, diffuser build 
up remains low, and when monoalkyl trimethyl ammo 
nium chlorides are selected, the aged composition con 
tinues to resist slug formation. . 
To clays treated as described above are utilized in the 

paper making process described hereinbefore in order 
to minimize the diffuser build-up and slugging prob 
lems which are encountered. lf desired, a small propor 
tion of titanium dioxide may be included in the clay 
which is applied to enhance whiteness.‘ 
While the amount of clay which is used in the paper 

making process is of secondary consideration, it is cus 
tomary to deliver approximately 1 pound per minute of 
clay per distributing head. Thus, one would use as 
many distributing heads as are required to supply the 
clay needed for the task at hand and with due regard 
for the speed of the paper. 

I claim: 7 

1. ln the‘electrosta'tic application of dry clay to an ad 
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vancing water-web web of ?brous cellulosic sheet ma 
terial, the steps of reacting finely divided particles of 
normally acidic clay with an alkaline agent to provide 
a pH in aqueous medium of from 7.0 — 8.5, coating the 
so-modi?ed particles of clay with at least 0.001 percent 
by weight of a cationic surface active agent which is a 
quaternary ammonium chloride having a ratio of car 
bon to nitrogen of from NH to 30:1 and having a struc 
tural formula selected from the group consisting of: 

in which R is a hydrocarbon radical containing from 
10-22 carbon atoms and X is a divalent aliphatic hy 
drocarbon radical containing from 1—10 carbon atoms, 
supplying said coated clay particles to aparticle deposi 
tion zone above said advancing water-wet. web, elec 
trostatically charging said coated clay particles in said 
particle deposition zone to electrostatically deposit said 
clay particles upon said wet web and thereby counter 
the tendency of the unmodi?ed clay to cluster and form 
slugs which drop upon and mar said web. 

2. A method as recited in claim 1 in which said qua 
ternary ammonium chloride is a monoalkyl trimethyl 
ammonium chloride. 

' 3. A method as recited in claim 1 in which said qua 
. ternary ammonium chloride is a'dialkyl dimethyl am 
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monium chloride in which the alkyl groups are from 
10-22 carbon atoms in length. I 
4. A method as recited in claim 3 in which said clay 

is in bead form. - 
5. A method as recited in claim 1 in which said sheet 

material is paper and the web moisture content at the 
point of clay deposition is at least 25 percent by weight. 

***** 


